at the time of ganglion formation in the chick, since administration of anti-NT-3 antibodies at this stage leads to an elimination of neurons (Gaese et al., 1994) . Although cultured early neurons survive independently of NT-3, the morphological maturation of isolated chick dorsal root ganglion neurons is accelerated by the addition of NT-3 to the medium (Wright et al., 1992) , and the proliferation of chick neural crest cells and early rat dorsal root ganglion neurons can be stimulated by NT-3 in culture (Kalcheim et al., 1992; Memberg and Hall, 1995) , suggesting that NT-3 may also play a role in the differentiation of peripheral precursor cells and as a mitogen in the early sensory ganglion.
The expression of NT-3 mRNA in the embryonic dorsal root ganglion (Ernfors et al., 1992) opens up the possibility that these neurons survive in culture because NT-3 is provided locally, as has been shown for BDNF in cultured adult dorsal root ganglion neurons (Acheson et al., 1995) . To examine the role of NT-3 in early development, we have scored the survival of cultured sensory neurons in the presence of anti-NT-3 antibodies and of neurons lacking the NT-3 gene. Furthermore, we have monitored the neuronal numbers, the number of proliferating cells, and the number of apoptotic cells in vivo in mice lacking one, or both, copies of the NT-3 gene at several embryonic stages. Our results show that NT-3 may act in a local fashion to support the survival of proliferating sensory precursor cells.
Results

Early Embryonic Loss of Sensory Neurons in NT-3 Ϫ/Ϫ Mice
NT-3
Ϫ/Ϫ mice display an absence of 60% of the lumbar dorsal root ganglion neurons after birth (Ernfors et al., 1994a; Fariñ as et al., 1994) . To determine the developmental period of loss of these neurons, we prepared with control mice (Figure 2A ). The size difference was (B) Cell death in the NT-3 ϩ/Ϫ and NT-3 Ϫ/Ϫ mice as percent of agemore pronounced at E14 and E17. Quantitation revealed matched control mice detected with the TUNEL method at indicated that, at E11, 15% of the dorsal root ganglion neurons embryonic stages. Note the pronounced excessive cell death at E11
were absent, and 1 day later, the deficit was 49%. At and almost normal levels at E17.
E14, a reduction of 58% of the neurons was detected, (C) Number of proliferating cells in the NT-3 ϩ/Ϫ and NT-3 Ϫ/Ϫ mice after which no further significant changes were obas percent of age-matched control mice detected with BrdU immunohistochemistry at indicated embryonic stages.
served ( Figure 1A ; Tables 1 and 2 Because the neuronal loss in the NT-3 Ϫ/Ϫ mice occurred different stages. The actual number of neurons can during dorsal root ganglion formation, we quantified the therefore only be compared between control and NTnumber of proliferating and degenerating cells at several 3 Ϫ/Ϫ mice of the same embryonic age. Despite these developmental stages of mouse development. Degenerlimitations, the results suggest that NT-3 is important ating dorsal root ganglion cells were detected with the for development of mouse dorsal root ganglion neurons at early embryonic stages.
terminal deoxynucleotidyl transferase-mediated dUTP The number of positive cells in the L5 dorsal root ganglion was counted in every fourth section. Differences in neuronal size were seen between embryos of different stages. The actual number of neurons can therefore only be compared between control, NT-3 ϩ/Ϫ , and NT-3 Ϫ/ Ϫ mice of the same embryonic stage.
nick end-labeling (TUNEL) method. This staining method E12 in the NT-3 Ϫ/Ϫ mice (Table 2 ). NT-3 Ϫ/Ϫ mice displayed a decrease to 85% of control already at E11 and 40% of visualizes cells containing fragmented DNA, a hallmark of apoptosis. In control mice, an increased number of control at E12 ( Figure 1C ). The reduction in proliferating cells of NT-3 Ϫ/Ϫ mice coincided with the period of exces-TUNEL ϩ cells was detected between E12 and E14, presumably corresponding to the period of programmed sive cell death as detected by the TUNEL method, indicating that proliferating precursor cells require NT-3 for cell death in the control dorsal root ganglion (Table 1 ). The programmed cell death appeared to be restricted their survival. Furthermore, these deficits did not lead to a change in the proportion of proliferating cells to total to a short developmental period, because only relatively few degenerating cells were detected at E11 and E17 number of cells, compared with age-matched controls ( Table 3) , showing that the deficit in the NT-3 Ϫ/Ϫ mice (Table 1 ). In contrast with control mice, abundant cell death was detected already at E11 in the NT-3 Ϫ/Ϫ mice is not caused by the lack of a mitogen or differentiation factor. ( Figures 2C and 2D , respectively), and quantitation revealed an increase to 408% of TUNEL ϩ cells compared To determine whether NT-3 is present at limiting concentrations during sensory neuron development, mice with control ( Figure 1B ; Table 1 ). The levels remained elevated compared with controls at E12 and E14 (119% that carry a single functional NT-3 gene (NT-3 ϩ/Ϫ mice) were analyzed. Histological examination of the dorsal and 118% of control; Figure 1B ; Table 1 ). Only rarely were degenerating cells detected at E17 (Figures 2G root ganglion of NT-3 ϩ/Ϫ mice did not reveal any reduction in size compared with control mice. However, meaand 2H). Thus, the onset of excessive cell death in the NT-3 Ϫ/Ϫ mice occurred prior to the developmental pesurements of neuronal numbers revealed a small decrease in the NT-3 ϩ/Ϫ mice at E12 (11%), compared with riod of programmed cell death.
To detect proliferating cells in the dorsal root ganglion controls ( Figure 1A ; Tables 1 and 2 ). This loss coincided with a small, but significant, elevation of cell death at by immunohistochemistry, pregnant females were injected with bromodeoxyuridine (BrdU). In control mice, E11 and E12, and quantitative analysis revealed an increase to 151% and 119% of TUNEL ϩ cells, respectively, staining for BrdU should detect the period of proliferative generation of dorsal root ganglion cells. Abundant compared with control mice (Table 1 ). The cell loss caused a slight decrease in the number of proliferating proliferation in the dorsal root ganglion of control mice was detected at E11 and E12 (Table 2 ). Upon examinacells ( Figure 1C ; Table 2 ). tion of the NT-3 Ϫ/Ϫ mice, a significant deficit in the number of proliferating cells was detected compared with NT-3, a Survival Factor for Proliferating Sensory Precursor Cells control mice (Figures 2F and 2E, respectively) . While proliferation in the control mice reached peak numbers To address directly whether the degenerating cells in the NT-3 Ϫ/Ϫ mice were proliferating precursor cells or at E12, there was instead a decrease between E11 and The number of positive cells in the L5 dorsal root ganglion was counted in every fourth section. Differences in neuronal size were seen between embryos of different stages. The actual number of neurons can therefore only be compared between control, NT-3 ϩ/Ϫ , and NT-3 Ϫ/ Ϫ mice of the same embryonic stage. postmitotic neurons, we processed sections from the partly could be caused by the short pulse of BrdU administered. Sections were also double stained with the TU-E11 dorsal root ganglion with the TUNEL method combined with immunohistochemistry for the detection of NEL method and for peripherin, a marker of differentiated postmitotic neurons. Although several large BrdU incorporation, or immunohistochemistry for the detection of postmitotic neuronal cells. Combining the peripherin ϩ neurons were identified in every section, only in a few instances were peripherin ϩ neurons also TUNEL method and anti-BrdU immunohistochemistry revealed that the majority of BrdU ϩ cells also were TU-TUNEL ϩ ( Figure 3B ). These data are consistent with a requirement of NT-3 for the survival of proliferating dor-NEL ϩ ( Figure 3A) , directly showing that a population of proliferating cells require NT-3 to prevent cell death.
sal root ganglion precursor cells during early embryonic stages. However, many TUNEL ϩ cells were BrdU Ϫ , which at least Expression of NT-3 mRNA in the Developing E11 and E17 (Figure 4 ). NT-3 mRNA expression was below the detection limit at P15 and in the adult, sugDorsal Root Ganglion NT-3 has been shown to be expressed in the target gesting a down-regulation of NT-3 mRNA expression postnatally. fields of dorsal root ganglion neurons (the spinal cord and the muscle) during embryogenesis (Ernfors and Persson, 1991; Schecterson and Bothwell, 1992; Copray A Local Action of NT-3 Prevents the Death of Early Embryonic Dorsal Root and Brouwer, 1994) . However, precursor cells of the dorsal root ganglion have no contacts with the targets
Ganglion Neurons
The previous results suggested that early dorsal root of innervation. It therefore appeared likely that NT-3 is produced locally within the ganglion. To examine this ganglion neurons when cultured survive in the absence of exogenously added NT-3 because NT-3 is provided possibility, dorsal root ganglia of E11, E17, postnatal day 15 (P15), and adult mice were dissected and RNA locally. To test this hypothesis, we cultured E11 dorsal root ganglion neurons from wild-type mice and NT-3
was purified for RNase protection assay. Low, but clearly detectable signals for NT-3 mRNA were seen at mice with or without NT-3 supplemented to the medium. root ganglion neurons. The antibodies used were a turkey anti-NT-3 antibody (Ghosh and Greenberg, 1995) and a rabbit anti-NT-3 antibody (Zhou and Rush, 1994) . The specificity of these antibodies to NT-3 have been described previously (Ghosh and Greenberg, 1995; Zhou and Rush, 1994) , and the potency of the turkey anti-NT-3 in blocking NT-3 function in culture has been examined (Ghosh and Greenberg, 1995) . Furthermore, in our experiment, the turkey anti-NT-3 efficiently blocked NT-3 elicited survival, but had no effects on the survival of neurons cultured with BDNF ( Figure 5B) ; 38% of the plated wild-type neurons survived in the absence of NT-3 supplemented to the medium. Blocking endogenous NT-3 with the turkey or rabbit anti-NT-3 antibodies led to a reduction in the number of surviving neurons to 11% Ϯ 1.3% and 14% Ϯ 3.7%, respectively. Whereas The number of surviving neurons was determined 24 hr Discussion later. Because many dorsal root ganglion neurons of the E11 NT-3 Ϫ/Ϫ mice were committed to apoptosis already
We have investigated the role of NT-3 in early development of the dorsal root ganglion and have found that it at the time of dissociation of the ganglia for the cultures, as detected with the TUNEL method, survival was comis crucial during the period of sensory ganglion formation in the mouse. An early role of NT-3 has previously pared between cultures maintained in the presence or absence of supplemented NT-3; 46% of the cultured been shown in the chick, where the administration of neutralizing NT-3 antibodies during gangliogenesis wild-type dorsal root ganglion neurons survived independently of NT-3 protein in the medium, compared to leads to neuronal loss (Gaese et al., 1994) . Furthermore, mitosis of cultured chick neural crest cells and early rat cultures where NT-3 was added (10 ng/ml). Neurons from NT-3 Ϫ/Ϫ mice displayed marked reduced survival dorsal root ganglion neurons can be stimulated by NT-3 (Kalcheim et al., 1992; Memberg and Hall, 1995) , and in cultures without NT-3 supplemented to the medium, and only 16% survived ( Figure 5A ). Thus, 66% of the the morphological maturation of isolated chick dorsal root ganglion neurons in culture can be accelerated by neurons died that normally would have survived for 24 hr independently of exogenously added NT-3.
the addition of NT-3 to the medium (Wright et al., 1992) . Thus, the neuronal deficit in the NT-3 Ϫ/Ϫ mice could be Because the above result indicated that NT-3 produced within the dorsal root ganglion sustain the surcaused by a deficit in the differentiation of precursor cells, the proliferation of precursor cells, and/or the survival of early sensory neurons, we next examined the consequence of blocking NT-3 function with NT-3 neuvival of the proliferating precursor cells. We found excessive cell death in the dorsal root ganglion leading to tralizing antibodies in cultures of E11 wild-type dorsal a decreased number of proliferating precursor cells and BDNF (Ernfors et al., 1992 ; Schecterson and Bothwell, a reduced complement of neurons, without an alteration 1992), and NT-3 and trkC mRNAs are expressed in the in the proportion of proliferating cells to total number of geniculate ganglion (Ernfors et al., 1992) . A local source neurons in the NT-3 Ϫ/Ϫ mice, as compared with control of neurotrophins preventing the death of proliferating mice. An exclusive role of NT-3 during early stages afperipheral precursor cells may also be present in the fecting differentiation or proliferation would not be exsympathetic nervous system, since proliferating sympapected to cause excessive cell death and should lead thetic cells have been shown both in culture (Birren et to a change in the proportion of proliferating cells to al., 1993; Dechant et al., 1993; DiCicco-Bloom et al., total number of neurons. Instead, our data are consistent 1993) and in vivo (ElShamy et al., 1996) to require NT-3 with excessive cell death of proliferating dorsal root for their survival. ganglion cells in the NT-3 Ϫ/Ϫ mice. Furthermore, this Neurotrophic factors have for a long time been considconclusion agrees with the finding that most BrdU ϩ cells ered to play a critical role in neuronal survival during were TUNEL ϩ in the NT-3 Ϫ/Ϫ mice, which directly adthe developmental period of programmed cell death in dresses whether endogenous NT-3 prevents the death the peripheral nervous system. The basic concept of of proliferating neuronal precursor cells. However, our the neurotrophic factor hypothesis has been that limiting results do not exclude the possibility that NT-3 also amounts of neurotrophic factors assures target innervaaffects differentiation of the NT-3-dependent precursor tion by the appropriate number of neurons, eliminating cells that may be eliminated prior or during differentiatthe excessive neurons by programmed cell death owing ing into neurons in the NT-3 Ϫ/Ϫ mice.
to the failure to attain sufficient amounts of survival The restricted expression of NT-3 in many target tisfactors produced in the targets of innervation (Thoenen sues of innervation (i.e., spinal cord motor neurons, musand Barde, 1980; Levi-Montalcini, 1987; . cle spindles, sensory epithelia of the inner ear, and the Whereas this hypothesis has more recently been whisker pad) (Ernfors et al., 1990b (Ernfors et al., , 1992 Phillips et al., strengthened by many studies on neurotrophins in the 1990; Pirvola et al. , 1994a; Fariñ as et al., 1994; Tessarollo et al., 1994) .
system, acting on proliferating precursor cells and postPeripheral sensory neurons isolated at stages prior to mitotic neurons in a local and target-derived fashion at target innervation survive independently of neurotrophic different stages of embryogenesis. factors in culture (Vogel and Davies, 1991) . However, The role of neurotrophins preventing the death of prethese cells have been shown to express trkB (Klein et cursor cells in early development is unclear. However, al., 1990; Ernfors et al., 1992) and trkC mRNAs (Ernfors neurotrophins may be present at limiting concentrations et al., 1992). In fact, many more dorsal root ganglion during this period, as have previously been described for cells express trkC during ganglion formation than during NT-3 and BDNF at later developmental stages (Ernfors et target innervation, suggesting that more cells depend al., 1994a (Ernfors et target innervation, suggesting that more cells depend al., , 1995 . This raises the possibility that NT-3 on NT-3 at early embryonic stages than at later stages could inflict constraints on the size of the pool of prolifer- (Ernfors et al., 1992) . The inability of cultured early NTating precursor cells. The difference in the size of sen-3 Ϫ/Ϫ neurons as well as wild-type neurons when cultured sory ganglia and the number of motor neurons at the with neutralizing NT-3 antibodies to survive in the abrostrocaudal axis may be established prior to prosence of NT-3, and the finding that NT-3 mRNA is exgrammed cell death. Proliferation in the dorsal root ganpressed in the early dorsal root ganglion despite the glion and of motor neurons have been shown to vary lack of any afferent input to peripheral sensory neurons, at different rostrocaudal levels, and more neurons are suggest that this factor acts locally to prevent cell death generated in limb regions than in the trunk. This differduring the period of ganglion formation. The loss of ence corresponds to the later difference in neuronal proliferating sensory precursor cells in the NT-3 Ϫ/Ϫ mice numbers (Hamburger and Levi-Montalcini, 1949; McMilwould be expected to cause a reduction in postmitotic lan- Carr and Simpson, 1978; Oppenheim et al., 1989) . neurons of many functional classes, since these cells
Replacing the caudal half of the somite by grafts of may differentiate only after terminal mitosis (Rohrer and rostral half-somites in the E4.5 chicken leads to an in- Thoenen, 1987) .
crease of thymidine-labeled sensory cells (Goldstein et The locally derived NT-3 preventing the death of early al., 1990). Thus, proliferation of sensory precursor cells dorsal root ganglion neurons may represent a more gencould be controlled by mitogenic activities from the meeral phenomenon, occurring in many ganglia of the pesodermally derived somites (Goldstein et al., 1990) . Beripheral nervous system during embryogenesis and incause locally expressed NT-3 may limit the number of cluding several members of the neurotrophin family. For proliferating precursor cells, this intrinsic constraint instance, BDNF and trkB mRNAs are expressed in the could act in concert with extrinsic mitogenic factors to dorsal root ganglion, the nodose ganglion, and the trigeminal ganglion at the time these neurons respond to control the final complement of neurons generated in nickel chloride. The number of proliferating cells was counted in a ganglion. The molecular mechanisms controlling cell every fourth section for the entire ganglion: at E11, NT-3 ϩ/ϩ (n ϭ 4), proliferation and apoptosis may coincide to some extent Evan et al., 1995) , and recent results have indicated 4), NT-3 Ϫ/Ϫ (n ϭ 4); at E14, NT-3 ϩ/ϩ (n ϭ 4), NT-3 ϩ/Ϫ (n ϭ 4), NT-3
that the death of cultured sympathetic cells and PC12
(n ϭ 4); at E17, NT-3 ϩ/ϩ (n ϭ 2), NT-3 ϩ/Ϫ (n ϭ 2), NT-3 Ϫ/Ϫ (n ϭ 2). detected by peripherin immunohistochemistry. This for 1 hr followed by overnight incubation with the indicated concensuggests that there could be a requirement of NT-3 to tration of antisera in dilution buffer with 10% goat serum. After four prevent cell death only during the last cell-division(s), washes in PBS, sections were incubated for 2 hr with the appropriate conjugated secondary antiserum, washed three times for 10 min, in which case NT-3 also could be linked to withdrawal and covered with glycerol:PBS (9:1) for viewing. The mouse antifrom the cell cycle.
BrdU (Sigma) and the rabbit anti-peripherin (Chemicon) were diluted 1:500. Rhodamine-conjugated goat anti-mouse and anti-rabbit antiExperimental Procedures sera were used as secondary antisera.
Animals RNA Purification and RNase Protection Assay Embryos were obtained from overnight mating, and the day of the Embryos were obtained from overnight mating of BALB/c mice. vaginal plug was considered as E0. Pregnant females were injected Pregnant females were killed by cervical dislocation. Dorsal root interaperitoneally with 0.6 ml of a 10 mg/ml aqueous solution of ganglia were dissected from E11, E17, P15, and adult mice and 5-bromodeoxyuridine (Sigma), and embryos (days 11, 12, 14, and were frozen at Ϫ70ЊC until use. Total RNA was purified from 75-100 17 of gestation) were collected 5-6 hr later, immersion fixed in 4% embryonic ganglia per stage and 25-30 postnatal or adult ganglia paraformaldehyde overnight, sucrose embedded, frozen on dry ice, by the guanidine-isothiocyanate/phenol-chloroform extraction acand sectioned at 10 m on a cryostat. The mice were genotyped cording to standard procedures (Schomczynski and Sacci, 1987) for the inactive allele of the NT-3 gene by the polymerase chain and was quantified using a spectrophotometer. The RNase protecreaction (PCR), as previously described (Ernfors et al., 1995) .
tion assay was performed with the RPAII Ribonuclease Protection Assay Kit (Ambion, Austin, TX). The 440 bp NT-3 cRNA probe was Neuronal Counts synthesized by in vitro transcription from cDNA of the mouse NT-3 Embryos were serial sectioned on a cryostat at 10 m, and the between the HindIII and SmaI restriction enzyme sites. The probes sections were stained with cresyl violet. The number of neurons in were labeled with [␣-32 P]CTP to a specific activity of 200 Ci/mmol the dorsal root ganglion (L5) with a clear nucleus and nucleoli was (1-2 ϫ 10 9 cpm/g) by transcription with T3 RNA polymerase. The counted in every fourth section. The total number of cells was esti-RNA protection assay was carried out as described by the manufacmated by multiplying the counted number with a factor derived by turer. Protected cRNA fragment was separated on 4% polyacrylcomparing the thickness of the counted sections to the total size amide gels under denaturing condition, and gels were exposed to of the ganglion: at E11, NT-3 ϩ/ϩ (n ϭ 7), NT-3 ϩ/Ϫ (n ϭ 4), NT-3 Ϫ/Ϫ (n ϭ X-ray films for 8 days. A GAPDH probe was used to assess mRNA 6); at E12, NT-3 ϩ/ϩ (n ϭ 5), NT-3 ϩ/Ϫ (n ϭ 4), NT-3 Ϫ/Ϫ (n ϭ 5); at E14, integrity and to compare loading among the lanes. Sequence reac-NT-3 ϩ/ϩ (n ϭ 4), NT-3 ϩ/Ϫ (n ϭ 4), NT-3 Ϫ/Ϫ (n ϭ 4); at E17, NT-3 ϩ/ϩ (n ϭ tions of unrelated DNA with known sequences were used as size 4), NT-3 ϩ/Ϫ (n ϭ 4), NT-3 Ϫ/Ϫ (n ϭ 4). markers.
TUNEL Staining
Tissue Culture To detect cell death in the dorsal root ganglion (L5), sections were Embryos were obtained from overnight matings of NT-3 ϩ/Ϫ mice. stained with the TUNEL method using the ApopTag in situ apoptosis
The embryos were processed for culture individually. Electrolytically detection kit (Oncor) according to the instructions of the manufacsharpened tungsten needles were used to dissect cervical dorsal turer. The number of apoptotic cells was counted in every fourth root ganglia from E11 embryos, the remaining tissue was used for section for the entire ganglion: at E11, NT-3 ϩ/ϩ (n ϭ 4), NT-3 ϩ/Ϫ (n ϭ DNA purification to determine the genotype. Ganglia were incubated 4), NT-3 Ϫ/Ϫ (n ϭ 4); at E12, NT-3 ϩ/ϩ (n ϭ 4), NT-3 ϩ/Ϫ (n ϭ 4), NT-3
for 5 min at 37ЊC with 0.05% trypsin (GIBCO/BRL) in calcium-and (n ϭ 4); at E14, NT-3 ϩ/ϩ (n ϭ 4), NT-3 ϩ/Ϫ (n ϭ 4), NT-3 Ϫ/Ϫ (n ϭ 4); at magnesium-free Hanks' balanced salt solution. After removal of the E17, NT-3 ϩ/ϩ (n ϭ 2), NT-3 ϩ/Ϫ (n ϭ 2), NT-3 Ϫ/Ϫ (n ϭ 2). trypsin solution, the ganglia were washed once with 10 ml of DMEM containing 10% heat-inactivated horse serum and were gently triturated with a fire-polished Pasteur pipette to give a single cell suspenBrdU Staining For analysis of proliferation, the cells that had incorporated BrdU sion. The cells were plated on 24-well plates (Nunc) that were precoated with polyornithine (0.5 mg/ml, overnight) and laminine (20 were stained by immunohistochemistry. The sections were postfixed for 15 min in 4% paraformaldehyde, washed three times for 5 g/ml for 4 hr; GIBCO/BRL). The neurons were incubated at 37ЊC in a humidified 5% CO2 incubator in a defined medium consisting min in phosphate-buffered saline (PBS), incubated in 2 M HCl in 70% ethanol at Ϫ20ЊC for 10 min, and drained, and endogenous of Hams' F14 supplemented with 2 mM glutamine, 0.35% bovine serum albumin, 60 ng/ml progesterone, 16 mg/ml putrescine, 400 peroxidase activity was blocked in 2% hydrogen peroxide in PBS for 5 min at room temperature and rinsed in PBS (three times for 5 ng/ml L-thyroxine, 38 ng/ml sodium selenite, 340 ng/ml triiodo-thyronine, 60 g/ml penicillin, and 100 g/ml streptomycin. After 24 hr min). The sections were then deproteinized in ice-cold 0.1 M HCl for 20 min, denatured with 2 M HCl in PBS for 30 min, then neutralized incubation, neurons were clearly recognized by their bipolar morphology under phase-contrast optics. The percentage neuronal surin 0.1 M borate buffer (pH 8.5) for 10 min, rinsed twice in PBS for 10 min, and blocked for 1 hr in blocking solution (10% goat serum, vival in the absence or presence of purified recombinant NT-3 protein (added to the culture medium at the time of plating the neurons 0.1% Tween in PBS). The sections were then incubated overnight with a mouse anti-BrdU antibody (Sigma) diluted 1:500 in blocking at 10 ng/ml) was assessed after 24 hr by counting the neurons in the wells. Neurons from each embryo were plated in triplicate with solution. The sections were washed four times for 15 min in PBS containing 0.1% Tween and incubated for 4 hr with a peroxidaseand without NT-3. The data illustrated are compiled from the results of several experiments (NT-3 ϩ/ϩ [n ϭ 5]; NT-3 Ϫ/Ϫ [n ϭ 3]). conjugated goat anti-mouse secondary antibody (1:200; DAKO). Followed by washes (four times for 15 min) in PBS, the sections were For cultures of wild-type mice (BALB/c), 60-70 cervical dorsal root ganglia (12-14 ganglia/embryo) were dissected, dissociated, developed with 3-3Ј-diaminobenzidine (DAB) (Sigma). The DAB (10 mg) was dissolved in 50 ml of 100 mM Tris (pH 7.5) containing 0.05% and cultured as described above. Cultures were maintained in the presence or absence of NT-3 or BDNF at a final concentration of 1 (1990a). Molecular cloning and neurotrophic activities of a protein with structural similarities to nerve growth factor: developmental ng/ml and antibodies (10 l/ml of the turkey anti-NT-3 [102] antibody and 0.4 g/ml of the rabbit anti-NT-3 antibody) added at the time and topographical expression in the brain. Proc. Natl. Acad. Sci. USA 87, 5454-5458. of plating. The survival at 24 hr is presented as percentage of the cells present at 5 hr. All cultures were set up in triplicate, and the Ernfors, P., Wetmore, C., Olson, L., and Persson, H. (1990b) . Identifientire experiment was performed twice with similar results.
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